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(54) Frequency error detection in mobile radio communications 



(57) In radio apparatus, such as digital cellular equipment which transmits and receives encoded audio 
signals, the frequency error 6e can be detected, even in an environment of high noise level, according to the 
detection result of the complex correlation value between the synchronizing signal (FCCH) and the standard 
pattern signal. GMSK modulation is used. 
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FREQUENCY ERROR MEASURING APPARATUS 
AND RADIO APPARATUS 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

This invention relates to a frequency error 
measuring apparatus and a radio apparatus and for 
example, is applicable to a digital cellular for 
transmitting/receiving audio signals encoded. 

DESCRIPTION OF THE RELATED ART 

Heretofore, in a digital cellular comprising one 
of radiophones, by encoding and transmitting/receiving 
audio signals, one channel can be used with a plurality 
of terminal equipments at the same time by applying the 
method of timt division multiplex system. 

More specifically, when an electric source is 
inputted, this type of terminal equipment detects a 
channel having the strongest magnetic field after 
sequentially scanning, such as, 124 channels set in 
advance . 

Then, the terminal equipment detects the control 
channel allocated to the area where this terminal 
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equipment; belongs and receives t:his con-trol channel. 

This contrrol channel is to form time slot: and "to 
t:ransmit various information, and thus, ^he digital 
cellular transmits information of the base station 
which receives this control channel at each terminal 
equipment and output, information of the adjacent base 
station, and furthermore, information to call out the 
terminal equipments. 

Accordingly, the terminal equipment detects 
frequency correction channel to be inserted to this 
control channel with the prescribed cycle and the 
process timing based on this frequency control channel 
(FCCH), and simultaneously, roughly detects the timing 
that the necessary information is outputted. 

Here, the frequency control channel is the 
synchronizing signal which is allocated the bit pattern 
in order that the data with value "O" continues for Uxe 
prescribed bit numbers when demodulated, and in the 
digital cellular, this data is GMSK (Gaussian filtered 
minimum shift keying) modulated and trainsmitted. Thus, 
as shown in Fig- 1, the frequency control channel 
signal can be expressed as composite waves of I signal 
and Q signal wherein the phase is delayed by and 
signal level changes sinusoidally . 
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With -this arrangement, when the signal reception 
result to Joe obtained by orthogonal detection at the 
terminal equipment is sampled with the correct timing, 
the resultant IQ data successively circulate on I axis 
and Q axis of complex planes with 90" phase. 

On the other hand, as shown in Fig. 2, if the 
frequency correction channel is received under the 
condition that this timing is delayed, the Teceiving 
data gradually shifts from I axis and Q axis 
corresponding to this timing lag. 

More specifically, this type of signal reception 
result can be expressed by vector and in case of 
obtaining the signal reception result by sampling the 
signal reception result ievery one bit, if the timing 
lag of this sampling for the base station (i.e., clock 
delay of the terminal equipment) is expressed by 6^ 
(rad) and the signal reception result of the fixed 
timing to be obtained by orthogonal detection is 
expressed by vector Sq («0' ^0^' "^^^ signal 

reception result delayed by 4 samples is expressed by 
vector S4 (04, B4), the following equations can be 
obtained by using the amplitude/angle expression: 



ro exp(jeo) = «0 + 3**0 



B« ... (1) 
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The frequency error can be expressed as follows : 

Be = ®4 - ®0 ... (3) 

Accordingly, "the following equation can be 
obtained from equations (1) and (2): 



expCje^) r^ 



= exp(je ) 

= — (cos9. + j sine ) 
^0 ® 



; cose^ + j sine 
e e 

r = r ) (4) 



At: this point, where the following relation ship 
exists. 



<< 1 • . . (5) 



the following formula can be obtained: 
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sin Oe » Oe ... (6) 



If the imaginary nximber part of equation (4) is 
solved, the frequency error 6© ^ detected. 

More specifically, the following equation can be 
obtained from equation ( 4 ) : 

r^ expCje^) 
(a^ + 364) - jBp) 

= ( 1 ' 



0 " ^0 

°Q ^4 - "4 gp (7) 



Thus, in the terminal equipment, the frequency 
error can be detected by executing calculation 
processing of equation (7) based on the signal 
reception result, and in the actual terminal equipment, 
average processing is performed in order to eliminate 
the effect, of noises and frequency error 6^ will be 
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det:ected . 

More specifically, since the ^plitude of the 
signal reception result does not change such within one 
slot in the terminal equipment, the frequency error 6^ 
will be detected by executing the calculation 
processing of the following equation: 



®e " 128 T=o 



(8) 



In this case, since the frequency error 6^ 
comprises angle error of every 4 bit, it circulates 
more numbers on IQ planes per second as defined in the 
following equation : 



Se ^ 



^BIT (rad) 



(9) 



where I^biT rate. 



In this case, since bit rate is approximately 
270.8 [bps] (13M/48) in the terminal equipment of the 
digital cellular, the actual frequency error f^ can be 
expressed as follows: 
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1 3M „ 1 „ J_ 

13 X 10^ Q 
384TT e 

= 10.8 X lo^e^ <io) 



Thus, the terminal equipment is capable of 
detecting frequency error 6 ^ -and in practice, the 
processing procedure as shown in Fig. 3, is executed 
and the frequency deviation will be corrected. 

More specifically, the terminal equipment 
sequentially scans 124 channels which are set in 
advance and when the control channel allocated to the 
area where this terminal equipment belongs is received, 
the terminal equipment proceeds from the step SPl to 
the step SP2 and sequentially detects the correlation 
value between the input data comprising the reception 
result of the control channel and the prescribed 

standard signal. 

This standard signal is allocated the identical 
signal with the frequency correction channel and thus, 
the terminal equipment detects the rising of 
correlation value and detects the timing of the 
frequency correction channel. 

Accordingly, when the terminal equipment detects 
the timing of the frequency correction channel, stores 
the reception result of the frequency correction 
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channel into the memory circuit by storing the IQ data 
to be received with this timing in the prescribed 
memory circuit, and in the following step SP3, executes 
the calculation process of equation (8) in utilizing IQ 
data stored in this memory circuit. 

With this arrangement, after detecting the 
frequency error 6^ the terminal equipment moves to the 
step SP4 and corrects the clock frequency by correcting 
the oscillation frequency in the standard signal 
generation circuit based on the detection result of the 
frequency error 0^, and proceeids to the step SP5 to 
complete the processing procedure. 

In practice, there are cases where the terminal 
equipments is used in the environment with the worsened 
signal receiving condition, and especially in the 
mobile communications, such as the automobile use, 
there are cases where waveform distortion occurs in the 
receiving signal by noise and fading. Moreover, in 
this case, there are cases where carrier frequency of 
the receiving signal itself is displaced by the Doppler 
shift- 

Therefore, in the conventional terminal equipment, 
it has been difficult to detect the frequency of the 
frquency correction channel correctly due to this kind 
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of. outside disturbance.. 

Especially, in the conventional terminal equipment 
Eij/Nq = 15 [dB] was the limit of -the frequency error 
detection according to the simulation result, and it 
was clear that the frequency error could not be 
detected practically if the noise level increased 
further. 

However, in the practical application, there are 
cases where noise level increases more than this value 
and after all, it is necessary to receive the frequency 
correction channel repeatedly in the terminal 
equipment, and thus it takes time until the 
communication can be started. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of this 
invention is to provide a frequency error measuring 
apparatus and a radio apparatus which are capable of 
detecting the frequency error correctly and certainly 
even in the environment of high noise level. 

The foregoing object and other objects of this 
invention have been achieved by the provision of a 
frequency error measuring apparatus vf herein, 
transmission signal is received based on the 
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synchronizing signal (FCCH) of t:he prescribed pattern 
to be inserted t:o ^he transmission signal with the 
prescribed cycle, and in a frequency error measuring 
apparatus for detecting the frequency deviation Be ^ 
clock for the synchronizing .signal ( FCCH ) , t±ie standard 
pattern for the correlation detection will be formed 
based on the clock, the complex correlation value Coj^ 
between the standard pattern euid the transmission 
signal will be detected, and the frequency deviation 83 
of the clock for the synchronizing signal (FCCH) will 
be detected based on the complex correlation value 

^OOR- 

Furthermore, according to the invention, in a 
radio apparatus for receiving transmission signals 
based on synchronizing signal (FCCH) of the prescribed 
pattern to be inserted to transmission signals with the 
prescribed cycle, tbv=i standard pattern for correlation 
value detection will be formed based on the prescribed 
clock and complex correlation value Cq|^ between the 
standard pattern and treuismission signal will be 
detected, and the standard pattern formation frequency 
error 0^ for the synchronizing signal (FCCH) will be 
detected based on the complex correlation value Cqrr/ 
and based on this error detection result, the signal 
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reception result to be obtained in the case where the 
standard pattern formation frequency coincides with the 
synchronizing signal (FCCH) can be obtained • 

If the standard pattern for correlation value 
detection is formed based on the clock and the complex 
correlation value Cqrr between the standard pattern and 
the transmission signal is detected, the effects of 
noise can be decreased depending upon the complex 
correlation value Cqrr and frequency deviation of the 
clock Oe detected and simultaneously, the 

timing of the synchronizing signal (FCCH) can be 
detected. 

Thus, the frequency error 9^ can be corrected 
easily by correcting the clock frequency or calculation 
processing the signal reception result based on the 
frequency error Be detected and the signal reception 
result to be obtained at the time when the standard 
pattern formation frequency coincides with the 
frequency of the synchronizing signal (FCCH) can be 
obtained . 

According to this invention as described above, 
since the frequency error can be detected based on the 
detection result of the correlation value between the 
synchronizing signal and the standard signal, the 
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frequency error measuring apparatus and t:he radio 
apparatus capable of detecting the frequency error can 
be obtained easily and certainly. 

The nature, principle and utili^ of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the 
accompanying drawings in which like par^s are 
designated by like reference numerals or characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings : 

Fig. 1 is a waveform diagram illustrating a 
frequency correction channel; 

Fig, 2 is a brief linear diagram illustrating 
frequency error; 

Fig. 3 is a flowchart illustrating the frequency 
correction channel; 

Fig. 4 is a block diagram illustrating a terminal 
equipment of digital cellular according t:o the 
embodiment of this invention; and 

Fig. 5 is a flowchart illustrating the frequency 
deviation correction. 

DETAILED DESCRIPTION OF THE EMBODIMENT 
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Preferred embodiments of this invention will be 
described with reference to the accompanying drawings: 
(1) General Construction of Embodiment 

In Fig. 4, 1 generally shows a terminal equipment 
of digital cellular which receives transmission signals 
transmitted from the base station by an antenna 2 and 
supplies the received signals received to an amplifier 
3 through an antenna sharing device (not shown). 

The amplifier 3 outputs the signals received after 
amplifying with the prescribed gain to a high frequency 
processing circuit (RF process) 4 which performs 
frequency conversion on the signal received in with the 
aid of the prescribed local oscillation signal. Thus, 
the terminal equipment 1 can receive the desired 
channel selectively by shifting the frequency of local 
oscillation signal. 

Furthermore, the high frequency processing circuit 
4 demodulates I signal synchronized with the standard 
phase of the signal received by orthogonal detected the 
receiving signal frequency converted and 
simultaneously, demodulates Q signal whose phase is 90" 
different from the I signal and converts these I signal 
and Q signal to digital value at the built-in 
analog- to-digital converter. 
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In -this arrangemiBnt, the terminal equipment 1 is 
capable of demodulating the 1 data composed of the 
demodulation result synchronized *rith *he standard 
phase of the signal received and is able to demodulate 
the Q data composed of the demodulation result having 
90" different phase from I data, and thus, is able to 
demodulate I data and Q data which are GMSK modulated 
and transmitted . 

A data processing circuit 5 is formed of a digital 
signal processor for processing these I data and Q 
data, and by equalizing waveforms of I data and Q data 
and correcting the distortion, the effects of fading 
and mult ipath will be decreased. 

Furthermore, the data processing circuit 5 detects 
a frequency correction channel based on these I data 
and Q data and simultaneously, depending upon the 
detected result thereof, the frequency error is 
detected. At the same time, based on said detection 
result, functions of this data processing circuit 5 and 
the prescribed standard signal generation circuit, etc. 
can be controlled, so that, accordingly, the frequency 
error is corrected. 

In addition to this series of processing, after 
folding in and decoding the I data and Q data, the data 
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processing circuit 5 processes the error correction and 
outputs the resultant encoded data to an audio 
processing circuit 6 or a central processing unit 8 

selectively- 

The audio processing circuit 6 demodulates the 
audio data after audio expansion processing the decoded 
data and converts this audio data to the audio signal 
at the built-in digital-to analog converter. 
Furthermore, the audio processing circuit 6 drives a 
speaker 7 by this audio signal and thus, in the 
terminal equipment 1, audio signals for communication 
purpose outputted from the base station can be 
received . 

On the other hand, the central processing unit 
(CPU) 8 receives the prescribed information outputted 
from the base station depending upon this decoded data 
and based on the results received, shifts the frequency 
of local oscillation signal and thus, the transmission 
and reception frequency are shifted to the prescribed 
communication channel, thus, the terminal equipment 1 
can transmits and receives audio signals by selecting 
the prescribed communication channel. 

on the other hand, after converting audio signals 
outputted from a mike 9 to the audio data at the audio 
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processing circuit 6 the transmitting system of the 
terminal equipment 1 performs audio compression 
process . 

The data processing circuit 5 forms I data and Q 
data by folding in and encoding the output data of this 
audio processing circuit 6 and also forms I data and Q 
data by folding in and encoding various control codes 
outputted from the central processing unit 8 in place 
of the output data of this audio processing circuit 6. 

The RF processing circuit 4 forms I signal and Q 
signal upon GMSK modulating I data and Q data, and by 
combining these I signal and Q signal forms 
transmission signal to the prescribed frequency. 

Furthermore, the RF processing circuit 4 outputs 
this frequency converted transmission signal to the 
antenna 2 through an amplifier 10 and thus, in the 
terminal equipment 1 audio signals of the communicator 
or signals to call out the base station can be 
transmitted . 

The terminal equipment 1 switches over the timing 
of transmission and reception based on the fixed timing 
detection result to be detected at the data processing 
circuit 5, and thus, by applying the method of time 
division multiplex, receives selectively the time slot 
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allocated to the own station in the transmission signal 
to be transmitted to a plurality of terminal equipments 
from the base station and also transmits audio signals 
to the base station in utilizing the time slot 
allocated to the own station. 

Hence, the central processing unit (CPU) 8 
executes processing program stored in a read only 
memory circuit (ROM) 11 upon obtaining the work area in 
a random access memory circuit (RAM) 13, and thus, 
controls the entire functions by outputting the control 
codes to each circuit block as occasion demands. For 
example, if the prescribed operation key of a display 
key input unit 12 is pressed, call out signal is 
outputted to the base station corresponding to this 
operation- Moreover, if call out signal from the base 
station is inputted, receiving channels will be 
shifted. " 

( 2 ) Correction of Frequency Error 

The terminal equipment 1 firstly executes the 
frame synchronization based on the frequency correction 
channel upon receiving the control channel and 
furthermore, by detecting frequency error and 
correcting frequency deviation, synchronizes the entire 
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functions with the receiving data based on the 
prescribed burst, and receives the time slot and 
receives the desired information. 

More specifically, if the power source is started 
or the area to which the terminal equipment belongs is 
changed, the central processing unit 8 outputis the 
control code to the RF processing circuit 4 and 
receives the control channel, and then outputs the 
control code to the data processing circuit 5 and 
detects the frquency correction channel. 

In this arrangement, the central processing unit 8 
after detecting the frequency correction channel 
timing, sets the time base counter built-in data 
processing circuit 5 based on this timing and thereby 
executes the frame synchronization on the entire 
operations. 

The data processing circuit 5 detects the rising 
of correlation value and the frequency correction 
channel timing by computing the correlation value 
between the standard waveform composed of template and 
the receiving signal. 

More specifically, the data processing circuit 5 
judges that the frequency correction channel is 
received if the relationship of the following equation 
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exists and detects the rising of the correlation value 
and the frequency correction channel timing: where 
j)ower of correlation value detection result is PcoRR' 
power of standard waveform is Rrec threshold is 

TH; 



'rEC - PcORR X TH S 0 dD 



Here, in the data processing circuit 5, using 1^ 
and Qi (samplei) for I data and Q data respectively, 
and template value is expressed as complex common 
numbers T^i and Tg^ (templatei) and in the case where 
the length of correlation is n, the intermediate value 
for calculation is expressed as follows: 

= sample^ * template^ 

= di + jQi) (Til - JTqi) 
= diTii + QiTqi) + j(QiTii - liTqi) 

... (12) 

and the calculation process of the following 
equation is executed and the correlation value Cqrr is 
detected: 
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m+n+1 



"More specifically, by setting the template value 
equal to the value of IQ data which can be obtained by 
receiving the frequency correction channel correctly, 
the correlation value Cq^^ can be risen at the timing 
of the frequency correction channel. Thus, the 
frequency correction channel can be detected easily in 
utilizing the power of correlation value Cqj^ to be 
detected with complex numbers and by judging whether 
the relationship of equation (12) exists or not. 

Thus, in the correlation value Cqrr to be detected 
with complex numbers is obtained multiplying the 
reception signal by common complex numbers the 
reception signal is expressed on the IQ plane by 1 bit 
and this means that this reception signal rotates anti 
clockwise fe>^„ 90° • 

Then, if the frequency error is 0, the correlation 
value Cqpp thus obtained stays the same place on the 
complex plane during the period receiving the frequency 
correction channel, and on the other hand, if the 
frequency error appears, it rotates on the complex 
plane for the frequency error during the period 
receiving the frequency correction channel. 
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More specifically, if the correlation value Cqrr 
is detected in the form of complex numbers as this 
embodiment, information on the frequency error can be 
obtained . 

Furthermore, since this correlation value Cqrj^ 
average processed the intermediate value Ci in equation 
(13), the effect of noise has been decreased. 

Thus, the frequency error can be detected based on 
the correlation value Cqrr, and it is clear that the 
effect of noise can be decreased in this case. 

In practice, in the digital cellular, at the time 
when the frequency error cannot be detected based on 
the IQ data because of high noise level, (e.g., in the 
case of En/No = 0 [dB]), the frequency correction 
channel can be detected from the correlation value 

^ORR • 

Furthermore, if the frequency error is detected 
based on this correlation value Cqrr, the frequency 
error can be detected in utilizing the frequency 
correction channel timing detection result, and thus, 
the necessary processing, such as repetition of 
receiving and modulating the frequency correction 
channel, can be omitted. 

Accordingly, the entire operation of the receiver 
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can be synchronized with the base station in a short 
time and t±ie condition capable of communicating can be 
formed in a short period • , . 

Thus, the data processing circuit 5^ during the 
period of receiving the frequency correction channel, 
sequentially expresses the correlation value 
obtained from equation (13) as follows: 

Cqkrk ^ * J^k . • . (14) 

then, executes the following calculation and the 
correlation value Cqj^ to be obtained by average 
processing is further average processed and the 
frequency error will be detected: 

«e ° Tie f.: - ^ -(-) 

On the other hand, the central processing unit 8 
performs the processing procedure as shown in Fig. 5 
and corrects the frequency deviation. 

More specifically, the central processing unit 8 
proceeds from the step SPIO to the step SPll and 
detects the frequency correction channel by detecting 
the correlation value upon outputting the control code 
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to the data processing circuit 5, and detects the 
frequency error in the following step SP12 by executing 
the calculation of equation (15) from this correlation 
value. 

In this arrangement, the central processing unit 8 
outputs the control code to the prescribed standard 
signal generation circuit composed of synthesizer, and 
shifts the. frequency of this generation circuit in the 
following step SP13, and thus corrects the frequency 
deviation by correcting the clock frequency and 
completes the processing procedure at the following 
step SP14. 

Thus, it can be confirmed in the actual simulation 
that the frequency error could be detected even in the 
case where the noise level and the signal level were 
equal if the frequency error would be detected based on 
the correlation value. 

( 3 ) Effects of the Embodiment 

According to the foregoing construction, since the 
frequency correction channel is detected by detecting 
the correlation value in the form of complex numbers 
and furthermore, the frequency error is detected based 
on this correlation value, the frequency error is 
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detected and frequency deviation can be corrected easily 
and certainly even in the case of liigh noise level. 



( 4 ) Other Embodiments 

The embodiment described above has dealt with the 
case of correcting the frequency deviation by 
correcting the frequency of the standard signal 
generation circuit. However, the present invention is 
not only limited to the above, but also the frequency 
error may be corrected by calculation processing the IQ 
data. 

More specifically, the calculation result of 
equation (15) is converted to the phase error per 1 
bit, and by accumulating the phase errors the phase 
error Bqq every IQ data will be detected. 

Accordingly, where IQ data are e and ^ 
respectively, the frequency deviation can be corrected 
by executing the following calculation: 




e 



. (16) 



Furthermore, the embodiment described above has 
dealt with the case of correcting frequency errors by 
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applying this invention to the digital cellular. 
However, this invention is not only limited to the 
above, but also widely applicable to the radio 
apparatuses for receiving the transmission signal based 
on the synchronizing signal to be inserted with the 
prescribed cycle, and further applicable to the case of 
only measuring the frequency error. 

While there has been described in connection with 
the preferred embodiments of this invention, it will be 
obvious to those skilled in the art that various 
changes and modifications may be aimed, therefore, to 
cover in the appended claims all such changes and 
modifications as fall within the true spirit and scope 
of this invention. 
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WHAT IS CLAIMED IS: 



1. 



A frequency error measuring apparatrus for 



detecting frequency deviation of a clock for 
synchronizing signal upon receiving trauismission signal 
based on said synchronizing signal of the prescribed 
pattern to be inserted in said transmission signal with 
the prescribed cycle, comprising: 

a correlation value detecting means for forming 
the standard pattern for correlation value detection 
based on said clock and for detecting a complex 
correlation value between said standard pattern and 
said transmission signal; and 

a frequency deviation detecting means for 
detecting frequency deviation of said clock for said 
synchronizing signal based on said complex correlation 
value. 

2, A radio apparatus for receiving said transmission 
signal based on said synchronizing signal of the 
prescribed pattern to be inserted to transmission 
signal with the prescribed cycle, comprising: 

a correlation value detecting means for forming 
the standard pattern for correlation value detection 
based on the prescribed clock and for detecting complex 
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correlation value between said standard pattern and 
said transmitting signal, 

a -frequency deviation detecting means for 
detecting the deviation of said standard pattern 
formation cycle from said synchronizing signal based on 
said complex correlation value; and 

a frequency deviation correcting means for 
obtaining a signal reception result which can be 
obtained at the time when said standard pattern 
formation frequency coincides with the frequency of 
said synchronizing signal based on said deviation 
detection result. 

3. A radio apparatus of claim 1, wherein; 

said frequency deviation correcting means for 
obtaining a signal reception result at the time when 
said standard pattern formation frequency coincides 
with the frequency of said synchronizing signal. 

4. A radio apparatus of claim 2, wherein; 

said frequency deviation correcting means obtains 
a signal reception result of said transmission signal 
based on said clock and obtains the signal reception 
result which can be obtained at the time when said 
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standard pattern formation frequency coincides with the 
frequency of said synchronizing signal by computing 
said signal reception result based on said deviation 
detection result. 

5* A frequency error measuring method for detecting 
frequency deviation of a clock for synchronizing signal 
upon receipt of transmission signal based on said 
synchronizing signal of the prescribed pattern to be 
inserted in said transmission signal with the 
prescribed cycle, comprising the steps of: 

forming the standard pattern for correlation value 
detection based on said clock; detecting a complex 
correlation value between said standard pattern and 
said transmission signal; and detecting the frequency 
deviation of said clock for the synchronizing signal 
based on said complex correlation value. 

6. A frequency error measuring apparatus constructed and 
arranged substantially as hereinbefore described with 
reference to and as illustrated by the accompanying 
drawings . 

7. A radio apparatus constructed and arranged 
substantially as hereinbefore described with reference to 
and as illustrated by the accompanying drawings. 

8. A frequency error measuring method substantially as 
hereinbefore described with reference to and as illustrated 
by the accompanying drawings. 
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